The Middle East and North Africa (MENA) region is known for having low female labor market participation rates compared with its level of economic development. A possible explanation is that countries in this region do not follow a U-shape relation between female participation and GDP during the process of economic development as initially proposed by Goldin (Investment in Women's Human Capital and Economic Development 1995) and observed elsewhere. This paper tests the U-shape hypothesis for the MENA region and finds that the region has outperformed other world regions in terms of the main drivers of the hypothesis, but there is no clear evidence of a U-shape. JEL codes: F66; J13; J16; J21.
norms and culture. Thanks to the increasing availability of long time-series, these factors and their role in explaining FPRs can now be tested for a wide variety of countries.
The purpose of this paper is to test the U-shape hypothesis in the context of Middle East and North African (MENA) countries following the leads that the literature has provided across countries and within countries over the past thirty years. To our knowledge, there is only one short paper that recently tested the U-shape hypothesis in MENA countries (Tsani et al, 2013) . This paper exploits the FPR statistical difference of this group of countries vis-à-vis other world countries to simulate with a Computerized General Equilibrium (CGE) model the outcome of alternative GDP growth and FPR scenarios. It finds potential beneficial effects on growth when removing region specific barriers to female participation. The present paper follows the more standard approach of testing the U-shape hypothesis with parametric and nonparametric methods and assesses each of the main factors behind the U-shape hypothesis one at a time.
FPRs remain one of the puzzles in the development process of MENA countries. The 20 years that predated the Arab spring were characterized by tremendous structural transformation of the economies with stabilization, liberalization and privatization reforms starting in the 1990s, which delivered sustained growth throughout the first decade of the 2000s. This same period also saw unprecedented gains in female education accompanied by sharp falls in fertility rates. Yet, this period has also been characterized by moderate growth in terms of employment and FPRs, with women and youth being the two groups benefitting the least from the growth process. It is therefore compelling to take a longterm view of FPRs, and the factors that help explain FPRs, to better understand the roots of the anomaly represented by the MENA region.
The paper is organized as follows. The next section reviews theory and evidence of the U-shape hypothesis. The following two sections describe models and data respectively. Section 2 presents results, and section 3 concludes.
Theory and evidence
The prevalent hypothesis about the long-term relationship between economic development and FPR is the U-shaped hypothesis (Boserup, 1970 , Durand, 1975 Psacharopoulos and Tzannatos, 1989; Goldin, 1995) . This broadly states that during the early stages of economic development, FPRs decline due to the initial structural changes of the economy and the transition from an agricultural to an industrialized society. FPRs then increase in later stages when countries mature into modern economies, fertility rates decline and female education rates increase. This is how Goldin (1995) states the hypothesis:
"Across the process of economic development the adult women's labor force participation rate is u-shaped. When incomes are extremely low and when certain types of agriculture dominate (…), women are in the labor force to a great extent. They are sometimes paid laborers but more often unpaid workers on family farms and in household businesses, often doing home workshop production. As incomes rise in most societies, often because of an expansion of the market or the introduction of new technology, women's labor force participation rates fall. Women's work is often implicitly bought by the family, and women then retreat into the home, although their hours of work may not materially change. (…) But as female education improves and as the value of women's time in the market increases still further, relative to the price of goods, they move back into the paid labor force, as reflected in the move along the rising portion of the U-shaped curve." (p. 62)
The U-shaped hypothesis has found consistent support in data and analyses since it was first proposed, and this applies to cross-country studies as well as to time-series and panel studies. Among cross-country studies, Goldin (1995) found this relationship to hold for 1980 and 1985 across a group of more than one hundred countries. Mammen and Paxson (2000) replicated Goldin's results for 1980 Goldin's results for and 1985 Goldin's results for and extended the test to 1970 Goldin's results for and 1975 , reaching the same conclusion. This paper also pinpointed that the lowest participation rate is found for countries with annual per capita income around $2,500, essentially middle-income countries according to the World Bank classification of the time. Similar results have also been found by Tam (2011) for a panel of 134 countries for the period 1950 period -1980 period and by Tsani et al. (2013 for South Mediterranean countries.
Results from time-series studies in developed economies also support the U-shaped hypothesis. Goldin found initial evidence of the U-shape relation in a study on the US (Goldin, 1995) . These results were confirmed in more recent studies (Goldin, 2004 , 2006 , Olivetti, 2013 that were also able to pinpoint five distinct phases characterizing the evolution of FPRs in the US. The first phase ("The independent female worker", up to the 1920s) saw the entrance of young and low educated women into the labor force, mostly in poorly paid or non-paid occupations followed by a subsequent exit from the labor force explained by marriage and the shift to home work. In a second phase (1930s-1950) married women start to join the labor force due to the increased demand in clerical jobs and the increased level in female education. In the third phase (1950s-1970s), FPRs go through a real revolution, with rapid increases explained by better education of women, rising wages and the introduction of more flexible working arrangements such as part-time work.
Time-series evidence for countries other than the US are still scarce, but similar results to the US have been found by Tilly and Scott (1987) for England and France. The U-shaped hypothesis has also been studied in developing economies with time-series data, although these series are typically much shorter than in developed economies. Mammen and Paxson (2000) provide some evidence for the U-shaped hypothesis in Thailand and India. Using cross-country longitudinal data with country fixed effects, these authors found the U-shaped relation to hold for the period 1970-1985 (although the turning point of the U curve lowers to $1,600).
Only one recent paper has questioned the U-shaped hypothesis (Gaddis and Klasen, 2013) . This paper used cross-country data for the period 1980-2005 and found that results related to the U-shape hypothesis are very sensitive to the data source used and that they tend to disappear with the use of panel data. The paper also finds a great heterogeneity of results across countries, little support for the structural change hypothesis from agriculture to industry as an important factor in driving declining FPRs and a more relevant role for sector specific growth rates as opposed to GDP growth. It recognizes, however, the role of fertility and education in explaining rising FPRs on the positive side of the U curve.
While the declining portion of the U curve is mainly explained in terms of the structural transformation of the economy from agriculture to industry, the explanation of the rising part of the curve relies on a more complex combination of factors. Fertility has been among the first factors to be identified (Goldin 1995) , a factor that found consistent evidence in subsequent studies (Angrist and Evans, 1998; Bloom et Al., 2009) . Similarly, female education was detected early on as a major factor of rising FPRs (Goldin, 1995) , and matching evidence was found over the years across countries. These two factors are also related to each other (female education delays marriage and pregnancies), so identifying the specific contribution of each factor on FPR is not straightforward. However, the evidence is rather solid in determining a correlation between fertility and education and FPRs cross-country and longitudinally.
A more controversial set of factors relates to culture, gender norms and identity. Akerlof and Kranton (2000) made a convincing case of identity being a major driver in female labor participation: "Similarly women's assumed lower desire for labor force participation (…) can be understood as the result of their identity as homemakers" (p. 732). Goldin (2006) indicated two major factors that could explain the gains in female labor participation in the US during the 1970s and 1980s described as "expanded horizons" (an increase in women's expectations that leads to a change in educational choices) and "altered identities" (an increase in women's decisional power in relation to labor market choices within the family). These changes were largely the product of a cultural revolution that revolutionized female marriage age, college graduation rates and professional school enrollments, all factors occurring in the 1970s. US data clearly show a turning point around 1970 followed by the fast increase in FPRs between 1970 and 2000. The factors that led to the cultural revolution of the 1960s may be debatable, but the effect of this revolution on FPRs is clearly evident in the US data.
A recent World Bank report on gender equality in the Middle East and North Africa (World Bank, 2013) found FPR to be low in the region and the gap between male and female labor force participation to be the highest by world standards. The report did not test the U-shape hypothesis but finds some of its drivers to have developed in the expected direction during the past few decades. The performance of the MENA countries in terms of education and health has been outstanding, with major achievements in terms of declining fertility and mortality rates and in terms of steep improvements in female education. This makes low FPRs in the MENA region the most puzzling unless these countries find themselves at the turning point of the U curve.
This paper returns to the U-shape hypothesis by focusing on MENA countries. To our knowledge, the only paper that tested the U-shape hypothesis in the MENA region is Tsani et al. (2013) . This paper uses a pooled regression on 160 countries with the South-Mediterranean countries as the control and then uses the coefficient for these countries to carry out CGE simulations of alternative scenarios. In this paper, we follow a different approach using cross-country panel equations and within countries time-series equations, testing separately for cohorts effects, fertility rates and structural transformation of the economy away from agriculture. We will also test for the role of specific sectors as opposed to GDP in raising FPRs.
Models
We follow here the three most recent contributions to the literature of the U-shape hypothesis (Tam, 2011 , Gaddis and Klasen, 2013 and Tsani et al., 2013 . The standard equation used to test this hypothesis since the first paper by Goldin (1995) is as follows:
where y i is typically GDP per capita at Purchasing Power Parity (PPP), and i is a subscript for countries. This is a cross-country equation that is normally applied to one point in time and sometimes replicated over several points in time to test the robustness of results.
Recent data and the availability of longer time-series within countries have allowed for adding a longitudinal dimension to the equation, turning the data into panel data as follows:
where t represents time. Despite the time dimension and the panel data, Equation (2) is still a cross-section equation in that the coefficients measure the average change in FPR as GDP changes, ignoring the difference between time and country effects. In this case, findings consistent with the U-shape hypothesis essentially state that countries at different levels of development distribute over a U-curve, but nothing is said about the longitudinal shape of the FPR/GDP relation. To add the time dimension and, at the same time, account for time-invariant unobserved heterogeneity, one should run the equation within countries (losing the sample size advantage provided by the multiple countries approach), use country fixed effects in equation (2) or, alternatively, use the first difference equation as follows:
Equation (3) is still not optimal because if FPR varies little, lagged FPR is correlated with the error term and the regressors become endogenous. To overcome this last problem and control for endogeneity, one can run a linear dynamic panel data model, such as the Arellano and Bond (1991) model, estimated with a Generalized Method of Moments with Instrumental Variables (AB-GMM)where the lagged FPR functions as an instrument as shown below with one lag.
where μ i are the fixed effects, and ϑ it is the error term. The model in equation (4) accounts for endogeneity but does not account for autocorrelation. Similar estimators include the Arellano and Bover (1995) and Blundell and Bond (1998) estimators, which can account also for autocorrelation. All these estimators are particularly suited for panel data where the number of points in time is smaller than the number of countries, which is the case of our data. However, the Blundell and Bond (1998) types of estimators assume that the instruments (lagged dependent variable) are uncorrelated with the individual effects (country/year). As in Gaddis and Klasen (2013) , we find this assumption too restrictive and finally opt to use primarily model (4) for the panel equations. This is also the preferred choice in the recent literature. The shape of the FPR-GDP per capita relation may be different across group of countries and across individual countries in the MENA region. This is expected and explained by the fact that different groups of countries or individual countries may find themselves transiting on different parts of the U curve during the period considered. We are observing a historic segment of 23 years , which is a longer process of economic development and that segment could be located on different parts of the U curve. Therefore, we need to be cautious on how results of the equations illustrated are interpreted.
A combination of significant coefficients of the typeβ 1 < 0 andβ 2 > 0 (-/+ for short) is consistent with a U-shape hypothesis, and this is what the literature considers as evidence of the hypothesis in a cross-country panel setting (see for example Gaddis and Klasen) . However, this combination could represent a set of countries that just entered the saddle point of the curve. Vice-versa, aβ 1 > 0 andβ 2 < 0 combination could indicate an inverted U-shape or a set of countries that have passed the saddle point of the U curve and are now experiencing a stagnation of FPRs. These are all cases that can potentially be consistent with a U shape hypothesis. Similarly, combinations ofβ > 0 andβ 2 > 0 orβ 1 < 0 andβ 2 < 0 show accelerations of increasing and decreasing FPRs, respectively, which could be consistent with the long-term hypothesis if these were set of countries that found themselves on the two sides of the U curve.
If the FPR equation is applied to a single country using a longitudinal time series, one has to be even more cautious. The U shape (-/+ signs) would show only for those countries which, during the 23 years considered, transited through the saddle point of the curve. This may not be easy to find in the MENA region because most of the MENA countries had already passed in 1990 (year 1 of our analysis) a GDP per capita of 2,5000 USD in PPP values, which is what the global literature found to be the turning point from declining to rising FPRs. This is part of the reason why the literature uses cross-country evidence when individual countries' data series are too short. Hence, while we seek a combination of (-/+) signs for the panel regional regressions to test the U-shape hypothesis, we also need to understand how the individual countries' longitudinal series contribute to shape the form of the curve at the regional level. A graph that combines longitudinal countries time series for all MENA countries will help us to understand the relationship between the within country longitudinal series and the cross-country MENA results.
We will also consider time-series models for individual MENA countries. For this purpose we will use standard OLS models, test for stationarity and correct by instrumenting with lagged dependent variables (OLS-IV). We will also use a reduced version of the Granger model to test how a number of key variables underlying the U-shape hypothesis affect FPRs. The model is as follows:
where X includes fertility rates, the share of agriculture in total value added, and value added in manufacturing and services. The number of lags of the dependent variable will depend on the stationarity test. The test used is the Breusch-Godfrey test for higherorder serial correlation.
Data
The data on FPRs are collected from the International Labor Organization Economically Active Population, Estimates and Projections (ILO-EAPEP) database. This is the same data used by the quasi totality of cross-country studies reviewed in the previous section. We use the latest edition available at the time of writing (6 th edition, 2011).
The rest of the data, including GDP per capita, fertility rates, female education and the share of agricultural value added, are taken from the World Bank open data repository.
Additional file 1 provides a full description of the variables used, including the corresponding codes in the World Bank open repository. We have a total of 172 countries, and for all countries, we have 23 annual observations for the period 1990-2012 for both FPR and GDP per capita, with the exceptions of 20 countries where the minimum amount of observations is less than 23. 1 We use therefore an unbalanced panel in the cross-country models. The full list of countries and years is provided in Additional file 2.
Results
We divide the analysis along parametric and nonparametric estimates as this distinction will be important to understand some of the misconceptions about the U-shape hypothesis. The nonparametric analysis is used to review the cross-country and regional evidence, which is in line with much of the worldwide work on the U-shape hypothesis, and to put MENA countries in the context of this type of analysis. The parametric analysis will start from the same premises but will dig further into the within -countries evidence to test the consistency of the hypothesis and determine how well the U-shape hypothesis applies to regions and MENA sub-regions.
Nonparametric estimates
Can economic development explain low FPRs in the MENA region? Take Morocco as an example of the MENA region. If we compare female labor participation in Morocco with that of the US when this country had a similar GDP per capita to Morocco today, then the FPR does not look as low. According to the Maddison's historical data, 2 GDP per capita in Morocco in 2008 was 3,465 USD. To find the closest value for the US we have to go back to 1889 when the value was 3,413 USD. The FPR in the US in 1890 was 22.1%, which is lower than the FPR observed in Morocco in 2008. The current FPR in Morocco would nicely fit with the U-shape hypothesis, and the long-term trend of low and more recently declining FPR could find an explanation in the context of economic development.
Of course, the US in 1890 and Morocco in 2008 operated in a very different global context. The US, for example, did not face in 1890 the same level of competition from other countries compared with what Morocco faces today from countries such as India and China. In addition, global trade was not as developed in 1890 as it is today. But the level of economic development in terms of a transition from an agrarian to an industrialized society remains as much of a distinctive feature of an economy today as it was 120 years ago. The global context has changed, but some essential elements of the process of economic development remain true. As described in section two of this paper, this is a distinctive assumption of the literature that relates economic development to FPR.
If we reconsider the U-shape hypothesis cross-country using more recent data and bring MENA countries and Morocco into the picture, we find some important stylized facts (Figure 1) . First, the U-shape hypothesis holds as it did for Goldin (1995) if we consider more countries and more recent data for 1990, 2000 and 2010. The quadratic fit shown in all panels is clearly U-shaped. Second, and continuing with our Morocco example, Morocco finds itself in correspondence of the bottom of the U curve in all three time periods. In the long-run of history, Morocco has not moved yet to the upward part of the curve according to the figure, but it could be about to turn the corner. Third, as compared to other world countries at the same level of GDP per capita, Morocco has a lower FPR. Hence, Morocco lags behind relative to other countries at the same level of economic development. Fourth, Morocco appears to move (very) slowly from the downward part towards the upward part if we compare the three points in time considered, although the country remains significantly below the interpolation line throughout the period.
If we plot the same graph for the MENA region only (bottom panels, Figure 1 ) the U curve holds despite the small number of countries (it is useful here to use Morocco as a reference point to compare the top and bottom panels of the figure) . To be precise, many of the MENA countries occupy a particular space of the curve, the section where countries transit from the bottom flat part of the curve to the upward part. As compared to other MENA countries, Morocco exhibits a higher FPR, indicating that Morocco is relatively more advanced among MENA countries. Assuming that MENA countries represent a more homogeneous group than the world countries as a whole, Figure 1 (bottom panel) suggests that there are regional factors that should be able to explain the low FPR in the region. Hence, the behavior of the regional grouping is something we should consider more closely below. 3 Figure 1 depicts MENA countries as a group of countries that are transiting through the saddle point and towards the upper part of the U curve. This picture is also consistent with the level of GDP per capita. As we saw in the literature review, historically, the transition from the downward to the upward slope occurs at levels of GDP per capita around 2,000-3,000 USD. If we exclude resource rich countries for which GDP per capita is a poor indicator of progress, many of the MENA countries considered found themselves around that threshold at the beginning of the period considered (1990) . For example, Egypt, Morocco, Jordan, Syria, Yemen and Djibouti all had a GDP per capita in PPP 2005 terms below 4,000 USD in 1990. 4 The important difference, of course, is that the saddle point for the MENA region is located in correspondence with much lower FPRs than the world as a whole.
A consistent picture also emerges if we consider the building blocks of the U-shape hypothesis, i.e., trends in the economic transformation away from agriculture, female education and fertility rates. Figure 2 shows the change of these three parameters between 1990 and 2010 for all groups of countries considered. 5 It is immediately evident how well the MENA region has performed. The region is the best performer in terms of fertility rates, the second best performer in terms of female secondary education and also performs above average for the reduction in the share of agricultural values added. The only area where the MENA region has been below the regions' average is GDP per capita, but the MENA region is still above all other regions with the exception of South Asia and Sub-Saharan Africa. The statistics refer to relative percentage changes, and the MENA region still lags behind other regions in terms of these indicators. However, the relative performance of the MENA region has been very positive as compared to other regions in the world. According to this figure, the MENA region has done most things right to turn the corner of FPRs. This largely supports results found in World Bank (2013) . This last study also shows that the ratio of female to male unemployment rates is higher in the MENA region than elsewhere, suggesting that labor demand for women is one of the culprits of low FPR in the region.
One of the main arguments behind the U-shape hypothesis is the structural transformation of the economy from agriculture to industry and services. Figure 2 showed that the MENA region performed above the world average in terms of reduction of the share of agricultural output over the period 1990-2012, and this is in line with the U-shape hypothesis. However, for the upward trend of the curve to occur, it is important that sectors that typically attract women, such as manufacturing and services, increase in output as opposed to sectors that are less likely to attract women, such as heavy industry or mining. Gaddis and Klasen (2013) recently noted that it is important to break down the sectors' shifts in GDP to understand FPRs. If we break down the development of value added shares across sectors and for the world regions, we can see that the MENA region stands out as the only region where the share of agriculture, services and manufacturing all declined between the last decade of the 1990s and the first decade of the 2000s (Table 1 , see also Diop et al., 2012) . Therefore, the economic restructuring away from agriculture has not favored sectors that are more likely to hire females. The table below shows that this is really a peculiarity of the MENA region as compared to other world regions.
In spite of the positive developments observed for the main drivers of the U-shape hypothesis, we saw in Figure 1 that FPRs in the MENA region are significantly lower than the world taken as a whole. This could be explained by an early exit of women from the labor force or from the fact that certain age groups perform particularly badly, two issues that are usually explored in the U-shape hypothesis literature. Figure 3 compares FPRs by age group, cohorts and years between the world and the MENA region. The top panel reports the average FPR for women between the age of 20 and 59 divided into five year age groups. For example, point 20 represents the average FPR for age group 20-24 and point 25 the average FPR for age group 25-29. We can see that, worldwide, women have improved participation rates for all age groups and that the increase has been rather consistent across age groups. The best performing age groups are middle-aged groups as compared to young or older groups, which is what determines the hump shape. The overall improvement worldwide is around 7-8 percentage points in terms of participation rates.
The picture changes as we move to MENA countries. On average, FPRs in MENA countries have increased for all age groups between 1990 and 2010. Improvements have been more significant in MENA countries as compared to the world, with increases in the FPR around ten percentage points. However, the hump shape is no longer visible and this is replaced by a negative slope, indicating that older groups always perform worse than younger groups. Essentially, the decline starts around the age of 25, which largely coincides with the marriage age in MENA countries. It is also visible that the improvement experienced by older groups is smaller as compared to improvements of younger groups. 6 The bottom panel of Figure 3 focuses on population cohorts rather than age groups. Cohorts are defined in terms of the same age groups used in the top panel so that the cohort labeled "20-24" is the one that in 1990 had between 20 and 24 years of age (class of 1966-1970) , and the cohort labeled "25-29" is the one that in 1990 had between 25 and 29 years of age (class of 1961-1965) . We follow four cohorts labeled with their age in 1990 (20-24, 25-29, 30-34, 35-39) over five years (1990, 1995, 2000, 2005 and 2010) . older (1990) cohorts experience a decline in FPRs after 2000. This is probably explained by early retirement as the older cohorts in 1990 (30-34 and 35-39) reached the age of 40-49 in 2000 and 50-59 in 2010. If we compare the same picture for the MENA region, we find that younger cohorts have consistently better FPRs. However, the start of the decline in FPR offers a mixed picture. It starts after only one period for cohorts 25-29 and 35-39 and after two periods for cohorts 20-24 and 30-34 (recall that labels refer to age in 1990). This means that FPRs start to decline at age 30-34 for the two younger cohorts and at age 40-44 for the two older cohorts. Hence, older cohorts have lower FPRs but their tenure in participation is longer. Overall, these results are fairly consistent with results in the top panel of Figure 3 and point to an early female exit from the labor force, but they also show no improvements in tenure for younger cohorts, which may contribute to the explanation of why MENA countries drag for so long around the saddle point of the curve.
If we had to conclude our analysis at this point, our test of the U-shape hypothesis could be positive with a couple of important caveats. The U-shape relation between GDP per capita and FPRs is evident with the cross-country data, consistent with previous evidence and visible for the MENA region. The fundamental pillars of the hypothesis including the share of agriculture in value added, female education and fertility rates are all consistent with the hypothesis to an extent that the MENA region outperforms other regions of the world. And the MENA countries seemed to be turning the corner (saddle point) in terms of FPRs in four different respects: 1) visually (Figure 1) ; 2) economically, by having passed the GDP per capita threshold and restructured away from agriculture; 3) statistically, by having experienced increases in FPRs and GDP per capita between 1990 and 2010; and 4) socially, by having increased female secondary education and reduced fertility rates.
But we also noted two aspects that make the MENA region stand out as compared to other regions and that are at odds with the U-shape hypothesis. The first aspect is that the MENA region is the only region that was not able to expand the share of both services and manufacturing as opposed to other sectors that are less likely to employ women. Therefore, the overall economic performance is good but not in sectors that would drive female employment. The second is that women in the MENA region seem to exit the labor force around the age of 25, which largely coincides with the average marriage age in the region. Also, younger cohorts do not seem to improve on tenure in the labor force. These are two important leads to the explanation of persistently low FPRs in the region.
Parametric estimates
In this section, we turn to testing the U-shape hypothesis econometrically and compare the performance of the MENA region with other regions of the world by age group. We will also dig further into the MENA region by testing the U-shape hypothesis by sub-groups of MENA countries and test whether key economic sectors for women can potentially lift FPRs in selected countries.
Results for the FPRs panel regressions are shown in Table 2 for the whole population 15 years and above and for five age groups, 20-24, 25-29, 30-34, 40-44 and 50-54 . The first batch of equations (top panel) shows that the U-shape hypothesis stands if we ALL") and the full population in working age, confirming the nonparametric illustration of the GDP-FPR curve shown in Figure 1 . However, the breakdown by region and age groups complicates the picture. The quadratic fit stands for all regions, but only four regions have the -/+ signs that would conform to the U-shape, while the other half have combinations of significant +/-signs. If we consider the breakdown by age group, evidence consistent with the U-shape hypothesis almost disappears. The age group 20-24 shows no evidence of a -/+ combination across all regions, the age group 25-29 shows -/+ signs only for the SSF region, the age groups 30-34 and 40-44 only for the EAS and SSF regions, and the age group 50-54 for the EAS, ECS and SSF regions. Hence, evidence of a quadratic fit consistent with a U-shape hypothesis is found only in the EAS, ECS and SSF regions and only among older age groups. The MENA region (MEA) shows no evidence of a U-shape for any of the age groups.
For some regions, there is evidence of a +/-combination of signs. This is the case for the population 15 and older of the LCN (Latin America), MEA (Middle East and North Africa), NAC (North America) and SAS (South Asia) regions. The MEA and SAS regions stand out because the +/-signs are rather consistent across age groups. This shows that, once we combine the longitudinal information and take endogeneity into account (as we do with the panel AB-GMM model) the simple quadratic U shape observed in the data in Figure 1 (bottom panel, MENA countries) disappears.
In an effort to better understand the nature of the FPR-GDP relation for the MENA region, we split the region into two groups: Middle income non-oil producing countries and upper income oil-producing countries. To make these two groups as compatible as possible, we selected only six countries for each group including: Morocco, Tunisia, Egypt, Jordan, Syria and Lebanon in the middle-income group and United Arab Emirates, Saudi Arabia, Kuwait, Oman, Qatar and Bahrain in the upper income group. We then repeated the AB-GMM estimations on these two groups separately and for all age groups.
Results show that the two groups differ quite substantially (Table 3 ). The middle income countries group shows no evidence of any significant quadratic fit in any direction (-/+ or +/-). The upper income countries show instead a rather consistent +/-pattern visible for the younger age groups. Hence, while we cannot say much for the first group of countries, the second group of countries has experienced a worsening of the FPR in relation to GDP per capita, particularly for the young. Given that the two groups of countries considered widely differ in terms of GDP per capita, we should expect these two groups to be located on two different segments of the long-term FPR curve. The signs observed in Table 3 could simply describe the FPR-GDP relation on different parts of the long-term curve. To verify this hypothesis, we combine the longitudinal time series of each country into one graph so as to have all years and all MENA countries in one graph. This is shown in Figure 4 where the longitudinal series for each country are depicted in different colors.
The figure suggests that the FPR-GDP relation in the region is more complex than a U curve. Middle income countries located in the left part of the figure show a very`flat' U shape that does not stand the econometric test of Table 3 . Upper income countries located in the right part of the figure show an inverted U-shape, which is also visible in the econometric equations. Therefore, when all MENA countries are aggregated, the inverted U-shape dominates, but the real shape of the curve for the MENA countries is better described as a "wave" or "cosine" curve with a first`flat' U-shape for middle income countries and a second inverted U-shape for upper income countries. Indeed, the group of countries in the middle (Bahrain, Saudi Arabia and Oman) functions as link between the two curves, thus contributing to shaping the regional wave curve. Hence, the FPR-GDP relation during the process of economic development in the MENA region cannot simply be described as a U-shape.
It is also evident that middle income countries are late comers as compared to the world and stay over the saddle point of the curve for a very long time, while upper income countries reversed the positive FPR growth at low levels of FPRs. The vertical bars in Figure 4 depict different values in USD. The threshold of 2,500 USD (PPP at 2005 prices)which is what the literature found to be the turning point for FPRsshows that all MENA countries considered were above this threshold for any of the years considered and that, therefore, they should be expected to be well beyond the saddle point of the U curve. Instead, the saddle point is found around values of 5,430 USD, and all of the middle income countries seem to have lagged around this saddle point over the full period considered despite significant increases in GDP per capita. Lebanon, which is the only country that really turned the corner in the group, has a GDP per capita well above 10,000 USD. Hence, the performance of middle income countries has been sluggish as compared to the world average. On the other hand, upper income countries seem to have reversed the positive path at levels of GDP per capita around 45,250 USD. This is the case of Qatar and the United Arab Emirates, while Kuwait seems to find itself around this turning point. This reversal has been observed elsewhere in the world, and most recently in the US, which may suggest that the wave shape may replace the U shape when countries reach very high levels of income per capita. But the important difference between a country like the US and the MENA upper income countries considered is that this reversal occurred at FPRs of around 40% as opposed to the US where this reversal has occurred at FPRs of around 60%. In this sense, both groups of MENA countries are underperforming as compared to the world.
What could explain this slow path towards better FPRs for the MENA middle income countries? We saw that these countries performed well in terms of the main drivers of the U-shape hypothesis but poorly in terms of employment generation in key economic sectors for women, such as manufacturing and services. Recall that, in addition to the share of agriculture in output, the literature on FPR has highlighted two other factors that help explain the U shape hypothesis in the long-run. The first is the increased level of female education, especially at the secondary level. Secondary education allows women to take up non-agricultural jobs in the modern sectors and increases the bargaining capacity within the household. The second is the steady decline in fertility that frees some of the time used for household chores. It is therefore instructive to include into the U-shape hypothesis equations for fertility and female secondary education and try to see whether the disappointing performance of MENA countries in terms of FPR gains can be explained at least in part by a weak relation between FPRs and female secondary education or fertility rates.
Naturally, there are two problems with including both secondary education and fertility rates in the same FPR equation. The first is that female secondary education and fertility rates are strongly inversely correlated, creating a collinearity problem in the FPR equations. This collinearity, in turn, can artificially alter the sign and significance of the GDP coefficients. The second is that, somehow surprisingly, female secondary education rates are much less available worldwide than fertility rates, FPRs or GDP per capita. The inclusion of female secondary education would make our countries' longitudinal equations too short to run. Forcibly, in what follows, we only use fertility rates on the assumption (widely supported by the literature) that female secondary education and fertility rates are highly inversely correlated.
Following from the above and given the results on the main pillars of the U-shape hypothesis presented in the nonparametric section, we re-run FPR equations using fertility rates, the share of agriculture in value added and the log of value added in services and manufacturing (constant prices, local currency) as independent variables. Here we want to test the contribution of each factor to FPR. Note that we are taking separately the share of agricultural value added, as it is standard for testing the U-shape hypothesis, and the value added of manufacturing and services as indicated by Gaddis and Klasen (2013) in their critique.
Results are shown in Table 4 . The fertility rate always has a negative sign when significant, as we should expect, but it is not significant in two of the regions (EAS and ECS). The share of agriculture in value added is significant in four regions and always with the negative sign as expected. The log of manufacturing value added is significant in seven of the eight regions, always with the positive sign except in the Sub-Saharan Africa region. The log of services value added is significant in five regions and always with the positive sign. We should conclude that, at the regional level, the main pillars of the U-shape hypothesis do behave as expected (when significant) and that this is true for the MENA region. If fertility rates and the share of agricultural value added decrease, FPRs should go up. And if manufacturing and services perform well in terms of output, this should improve FPRs. Hence, the elasticities of changes in in FPRs to changes in key economic sectors are as expected, while we saw that the absolute performance of these sectors has been disappointing. We can also repeat the exercise above for individual countries using OLS longitudinal models and test for stationarity with a Breusch-Godfrey test. As we found stationarity for most countries, we then corrected by instrumenting lags and finally settled for two lags as the minimum requirement to correct for stationarity in all countries. Given the short time-series available, the options of including other variables in the equations or using cohorts or age groups fixed effects were not considered. The hypothesis is of a linear relation between FPR and these variables in a univariate setting. We run two models, an OLS model with two lags following the stationarity tests already described and a reduced Granger model with two lags (OLS with a lagged independent variable). Countries with less than 10 annual observations were not considered. We also pooled together the sample of countries used and re-estimated the AB-GMM model. Unfortunately, given the sample of countries retained, it was not possible to split the sample across middle income and upper income countries. Table 5 shows the results. The pooled sample AB-GMM equation confirms that the fertility rate is negative and significant while services and manufacturing are positive and significant as expected. The country specific equations show that the fertility rate is significant in four of the eight countries with the expected negative sign, and these results are consistent across the two models. A reduction in fertility correlates with an increase in FPRs in the MENA region, as observed elsewhere in the world. The agricultural share in value added is significant in three countries, but the sign is not consistent in one country. Additionally, results are not consistent in the two models. Value added in manufacturing explains FPRs in three countries, with the expected positive sign, and these results are consistent across the two models. While the role of services is mostly positive and significant for all except for one country where we find a consistent negative sign in the two models. In essence, fertility rates, manufacturing and services behave as expected, including at the country level, while the role of the share of agricultural output in value added is less clear.
Conclusions
The paper addressed the question of whether the U-shape hypothesis holds for MENA countries using data covering the period 1990-2012. Nonparametric estimates confirmed previous results that the U-shape hypothesis holds worldwide and cross-country and that the MENA region could fit the trend. The fundamental pillars of the hypothesis including the share of agriculture in value added, female education and fertility rates are all consistent with the hypothesis to an extent that the MENA region outperforms other regions of the world. And the MENA countries seemed to have turned the corner (saddle point) in terms of FPRs in four different respects: 1) visually (Figure 1) ; 2) economically, by having passed the GDP per capita threshold and restructured away from agriculture; 3) statistically, by having experienced increases in FPRs and GDP per capita between 1990 and 2010; and 4) socially, by having increased female secondary education and reduced fertility rates.
There are, however, two aspects that make the MENA region stand out as compared to other regions. The first is that women in the MENA region seem to exit the labor force around the age of 25, which largely coincides with the average marriage age in the region. This makes the FPR curve by age groups and cohorts downward sloped early on. The second aspect is that the MENA region is the only region that was not able to expand the share of both services and manufacturing as opposed to other sectors that are less likely to employ women. Changes to FPRs in response to changes in key economic sectors are as expected, but the growth in these sectors has not occurred. These are both important leads to understand why the MENA region lags behind in terms of FPRs despite the fundamentals of the U-shape hypothesis.
The parametric estimations show little evidence of a U-shape for the MENA region as a whole. Once we combine the longitudinal information and take endogeneity into account, the simple quadratic U shape observed in in Figure 1 for the MENA countries disappears. However, by splitting the MENA countries in two homogeneous income groups, we found two separate stories that combined originate a wave curve rather than a U curve. The group of MENA middle income countries rests somehow on the saddle point of the curve throughout the period considered, with higher GDP per capita and lower FPRs as compared to the world. This group of countries shows a very "flat" saddle part of the curve that does not stand econometric tests for the U-shape. The group 
